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A fragment-based approach to small molecule libraries to target
aggregation of intrinsically disordered proteins
Many signiﬁcant neurodegenerative disorders including Parkin-
son’s and Alzheimer’s diseases share a common aetiology in which
various peptides or proteins aggregate into amyloid assemblies.
The formation of such aggregates can produce a range of down-
stream pathologies resulting in a progressive loss of biological
function. In particular, the aggregation of Ab, tau and a-synuclein,
three intrinsically disordered proteins (IDPs), are at the heart of
many of these neurodegenerative diseases. Although there has
been a consistent and signiﬁcant effort to ﬁnd small molecules that
prevent protein aggregation, success so far has been limited, and
new methods for ﬁnding aggregation inhibitors is urgently
required. A recent publication has described the use of a fragment
approach to generate small molecule libraries that might offer
methods of preventing such aggregation [1].
The major issue with the discovery of compounds that bind to
IDPs is that they exist as a collection of diverse conformations.
An absence of structural information requires an empirical screen-
ing approach to ﬁnding novel binders. To aid the search for new
compounds with potential therapeutic use, a fragment-based strat-
egy was employed to ﬁnd potential inhibitors of IDPs.
For each of the three IDPs: Ab, tau and a-synuclein, a search was
undertaken to ﬁnd compounds previously reported to bind. For
example, from the literature, an initial set of 88 compounds was
discovered that bind to different structural species (monomers, oli-
gomers or amyloid ﬁbrils) of Ab. From these 88 compounds, a set of
164 fragments was compiled, with the objective of deﬁning frag-
ments that had the potential to bind to this IDP. It was observed
that many of the compounds were derived from polyphenols and
the catechol fragment was commonly observed within the parent
set of compounds. Finally, a library of compounds was created
from structures in chemical databases (such as ChEMBL, PubChem,
ZINC and DrugBank) that contain these key fragments. A total of
16,850 compounds were thus identiﬁed that could provide a good
starting point for the discovery of molecules to target Ab. Indepen-
dently, analysis of the structures in the initial 88 compound set,
provided some rudimentary SAR for Ab aggregation inhibitors.http://dx.doi.org/10.1016/j.comche.2016.04.001
E-mail: nterrett@ensembletx.comIn a similar fashion, libraries of compounds targeted to tau and
a-synuclein were also created. Overall it is hoped that these
libraries could provide novel starting points for developing leads
against neurodegenerative diseases caused by IDP aggregation.
A summary of the papers in this month’s issue
Polymer supported synthesis
The development of an efﬁcient solid-supported methodology
for the stereoselective synthesis of two peptides containing
(2S,6R)-diaminopimelic acid, (S)-Ala-c-(R)-Glu-(2S,6R)-A2pm-(R)-
Ala and c-(R)-Glu-(2S,6R)-A2pm has been described. The platform
consists of a Wang resin anchored by an amino acid chain that
includes allylglycine. By oleﬁn cross metathesis with vinylglycine,
unsaturated protected (2S,6R)-A2pm was ﬁxed on a solid support.
Peptides were made by cleavage of cross metathesis products from
resin, followed by reduction of double bonds along with removal of
protecting groups. This efﬁcient solid phase approach will provide
an approach to peptide and muropeptide libraries [2].
Solution-phase synthesis
Ageneral and efﬁcientmethod for the synthesis of novel triazoles
has been developed based on a microwave-assisted multicompo-
nent reaction involving a-thioaldehyde and propargylamine, with
the formation of an imine that in situ reacts with organoazides by
copper-catalyzed [3+2] azides–alkyne cycloaddition (CuAAC). This
reaction resulted in a small library of imine 1,4-disubstituted
1,2,3-triazoles [3].
An efﬁcient synthesis of 2,3-disubstituted tetrahydropyrans
from aldehyde and cyclopropyl alkenol has been accomplished
using HBF4OEt2 as a promoter through a tandem vinylcyclo-
propane ring-opening/Prins cyclisation. This convenient process
generated structurally diverse and biologically relevant 2,3-disub-
stituted tetrahydropyrans in good yields with high selectivity [4].
Scaffolds and synthons for combinatorial libraries
Thiazolo[4,5-d]pyrimidines are fused heterocyclic ring-systems
that can be viewed at ﬁrst glance as purine isosteres. They are the 7
thia-analogues of purines via the replacement of the nitrogen at
position 7 of the purine ring by a sulfur atom. Because of the
structural resemblance to adenine and guanine and their related
22 N.K. Terrett / Combinatorial Chemistry - An Online Journal 18 (2016) 21–23derivatives as adenosine, guanosine, cAMP, cGMP and similar
biomolecules, many thiazolo[4,5-d]pyrimidine scaffolds have been
developed and used by medicinal chemists to design novel thera-
peutics. This review article described the structures and medicinal
signiﬁcance of all classes of thiazolo[4,5-d]pyrimidine scaffold
reported in the literature to date [5].
Solid-phase supported reagents
A variety of tetrasubstituted pyrroles have been synthesised in
good yields in a one-pot, three-component reaction of a-hydrox-
yketones, malononitrile, and ammonium acetate using tungstate
sulfuric acid under solvent-free conditions [6].
The air and moisture stable polystyrene resin-supported copper
(I) iodide-cryptand-22 complex (PS-C22-CuI) has been shown to
behave as an efﬁcient and robust heterogeneous catalyst in the
cross-coupling reaction of aryl halides and thiols in aqueous media.
Moreover, the heterogeneous catalyst can be easily recovered by
ﬁltration and reused for ﬁve cycles without signiﬁcant loss in activ-
ity [7].Novel resins, linkers and techniques
In dynamic combinatorial chemistry, the geometry of a tem-
plate can be translated into the composition of a library of inter-
changing components. In a recent study, such a dynamic
combinatorial library was used for the ﬁrst time to detect and eval-
uate differences in the geometry of isomers of photoswitchable
azobenzene based templates [8].
Library applications
Cardiomyocyte dysfunction or damage could lead to serious
cardiovascular diseases, so a molecule able to recognise cardiomy-
ocytes would have signiﬁcant value in diagnosis and treatment.
Recently a novel peptide termed myocyte targeting peptide
(MTP), with three residues of a non-natural amino acid bipheny-
lalanine (Bip), has shown good afﬁnity for cardiomyocytes. Its
selectivity towards cardiac tissues was concluded to be due to
the ability of Bip to bind cardiac troponin I. With the aim of opti-
mising the afﬁnity and the speciﬁcity towards cardiac myocytes
and to better understand structure–activity relationships, a library
of MTP derivatives has been designed. Exploiting a ﬂuorescent tag,
the selectivity of the MTP analogues to myocardium over skeletal
and stomach muscle tissues was assessed by ﬂuorescence imaging
[9].
The synthesis of a library of 22 new 3-methyl- and 3-ethyl-3-
methyl-2,5-dioxo-pyrrolidin-1-yl-acetamides as potential anticon-
vulsant agents has been reported. The maximal electroshock (MES)
and the subcutaneous pentylenetetrazole (scPTZ) seizure models
were used for screening the compounds. The best compounds dis-
covered displayed considerably better safety proﬁles than clini-
cally relevant antiepileptic drugs phenytoin, ethosuximide, or
valproic acid. Several molecules showed antinociceptive and local
anesthetic properties [10].
Despite the existence of a huge number of NSAIDs, the quest for
safer drugs is still the focus of several drug discovery programs.
The pyrrolizine heterocyclic system is among the privileged scaf-
folds used for this purpose. A recent review has presented a collec-
tive effort to highlight the reported pyrrolizines with anti-
inﬂammatory and analgesic potential and categorise them into
eight different classes. This review sets a base for researchers to
design and synthesise novel pyrrolizine-based libraries for further
development into safer and efﬁcient anti-inﬂammatory and anal-
gesic agents [11].A library of iminolactones has been prepared by esteriﬁcation of
several 2-hydroxyketones with a number of N-protected D- and
L-a-amino acids. Some of the hydroxyketones were of terpenoid
origin while others were obtained via synthesis. After N-deprotection
of the intermediate esters, the free amines spontaneously under-
went condensation with the ketone to form iminolactones. Some
members of the library of iminolactones displayed signiﬁcant
anti-proliferative effects toward three cancer cell lines (EL4,
MCF7, PC3) with insigniﬁcant effect on non-malignant cell lines
(McCoy, MCF10A, NIH3T3). Thus, iminolactones appear to be
potential lead structures for the preparation of drugs selectively
affecting proliferation of malign cell lines [12].
The discovery of new classes of antimalarials which inhibit new
biological targets is imperative to controlling malaria. The discov-
ery of indolyl-3-ethanone-a-thioethers, a new class of antimalarial
compounds with encouraging activity has recently been described.
Synthesis of a focussed library of compounds revealed important
insight into the SAR of this compound class, including information
regarding the position and chemical nature of substituents on both
the thiophenol and indole rings. This investigation ultimately led
to the discovery of two hit compounds with nanomolar in vitro
antimalarial activity coupled to no observable toxicity against a
HeLa cell line [13].References
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